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(21) 4836184/03 

(22) 07.06.90 
(46)23.04.93.5io/i. Nr 15 

(72) A.C.HepeaauKMfl. A.B.<Dommh. A.B.Axm3- 
Aeea h O.C.MyxaMeTrapwnoB 

(56) flaTeHT CUIA 3191677, wi. 166-14, 
ony6/iMK. 1965. 

AoTopCKoe cBMiieTeflbCTao CCCP 
f* 1254137. kh. E 21 B 29/10. 1982. 
(54) CnOCOB PEMOHTA OBCAflHblX K0- 
/10HH 

(57) Mcno/ib30B8HMe: pbmoht ysacTKOB c ona- 
raMM pa3pyuieHM5i m Ae<t>eicraMM b cTeHicax 06- 

C8AHUX KO/IOHH. CyiiiHOCTb M306pCTeHMflt 

noA6npa»OT uu/iMHApwiecKiiA naTpyOox pac- 
seTHoro nepMMBTpa, jvmna xoTbporo 6o/ibiue 



BHyrpeHHero AwaMeTpa 2 peMOHTwpyeMoro 
ynacTKa o6caAHOA ko/iohhu. a aamh3 naipy6- 
ra 6onbiue a^mhw MHtepBana noapexcAeHM*. 
npow3BOAflT nonepeMHyio Ae<t>opMauMK) na-r- 
py6xa no eceft fxnwne ao noTepw ycTOMMMBO- 
ctm» 4>MxcauMK) ero b 3tom nonoxceHMM, cnycx 
b oceaxoiHy m ycTaHoaicy b 30He nospexAe- 
HMfl nyTeM <J>mccaTopoB. npn 3tom MaTepna/i 
naTpyfixa Bu6npa»OT no MOAynio ynpyroc™ - 
E. kotopwm onpeAensnoT M3 cooTHoujeHwa: 

1 4 P 

E« — ' m , , rAe P - KOHTarrHoe A3B/ieHne 
(h/R) 1 * 

naTpy6xa Ha crenxM o6caAHOfl ko/iohhu: h - 
TomuwHa CT6HKW naTpy6xa; R - paAnyc BHyT* 
peHHefl ctbhkm o6caAHoA ko/iohhu. 4 m/i. 
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Vl3o6peTeHue othocmtcs k tcxhojiotmm 6uTb ncno/ib30B3Ha BucoKOxaMecTeeHHaa 3a- 

peMOHTHwx pa6oT b Ke<t>feAo6uBaioiueA npo- Ka/ieHHa* CT3/ib. CTexJion/iscroK m Apynae Ma- 

MuiuneHHOCTM. a MMeHHO. r cnoco6aM iimicbm- Tepwa/iw. xapaxTepMayiomMe tcm, mto 

AauHH yMacrrKOB c osaraMM paapytueHM* m HanpsxeHMn, B03MMKaiomMe b mux noaie no- 

Ae<t>eicTaMM b CTeHxax o6caAHux ko/iohh. 5 T epw ycTOftMMBocTM, He npeBuwawT npeAc/iOB 

Ite/ib M3o6peTeMMji - noBbiuieMMe 3<J>4>eK- * TexyvecTM A3hhux MaTcpwa/iOB. T.e. coot- 

tmbmoctm peMOHTMbix pa6oT m o6ecneMeHMe BdCTByiOT ynpyrwM Ae<t>opMaMM«M stwx M3Te- 

paBHOMepHoro npMxcaTMw naTpy6xa no Bceft pna/iOB. 

ero wivwe k o6csahoA ko/iohho npw ynpome- 3aTeM npoM3BOA«t nonepeMHyio Ae4>op- 

hmm npouecca ycTdHOBxu naTpy6xa aa .cmbt 10 MauMio naTpyfixa no Bcew AflMHe ao noTepw 

MCWHOMeHM* AOnO/IMWTenbMOrO B03ABACTBMR yCTOHMMBOCTM M 4>MKCaUMK) erO B 3T0M cocto- 

wa Hero. «hmm. J\j\* SToro narpy60K 1 nOAaiOT na bxoa 

Ha 4>nr. 1 M3o6paxceHO ycTpoAcrBO aa« onpaBKM 2 npoT«rMBawmero ycTpoftCTBa c 
npwBeACHMH naTpyGfca b cocto»hm8 noTepw npeABapMTeiibHO.BKAioMeHHUM ABwraie^eM 6, 
ycT6ftMHBOcni;Ha4>Mr.2-rceMeHweA-AHa*Mr. 15 nepeAaumMM BpameHwe Ha do/imkm 4 c no- 
li Ha 4>Mr. 3 - ceneHiie B-B Ha <J>Mr. 1 ; Ha 4>mi\ . Motubo MexaHwnecxoro npwaoAa 5. Po/imkm 4 
4-naTpy6ox,3a<t>MiccMpoBaHHwftBCOCTOflHMii 33XBaTbiBaiOT naTpydoK m npomrMBaiOT ero 
norepH ycToAMMBocTM. BHyTpb kohmmcckoR onpaBKM2ycrpoftCTBa.no 

, ycrpbftCTBO Ann npMBeAeHH* nafpy6xa 1 • Mepe abmokohmii naTpy6Ka BAO/ib BHyrpeHHeft 
b cocTpsiHMe nofepM ycroMMM BOCTM - npowM- 20 noBepxHOcrw nocTeneHHO yBWUMMBaeTCJi pa- 
Bdiomee ycrpoMCTBo - npeACTaB/weT co6ofl " AwanbHan Harpy3ka, AewcTayiomafl na Hero co 
KOHMM^cxyio onpaBxy 2 c <J>opMOo6pa3yiomMM cropoHU onpaBKM M3-3a yMeHbtueHMa ee Awa- 
crepjKHeM 3 m po/iMKaMM 4, 3axpen/ieHHUMM MOTpa. Vl3BecrH0, mto TOHxwe ynpynie o6o/iom- 
noAnwHeonpaBKM. Po^wKM4cB»3aHwcMexa- km noA AeftCTBMeM paAwa/ibHOM H3tPY3KM 
HMMeckiiM npMBOAOM 5, upaiueHwe Ha kotopum 25 .repsiiOTycTOMMMBOCTb, hepexoA* xhobomy co- 
nepeAaeTCJi A8MraTefleM 6. Tlociie npMBeAe- ctoahmio paeHOBecMfl c eunyK/iocTbio. 
HMflnaTpyGKaBCOCTonHMenorepMycTOMMMBO- oOpatueHHOM k ueHTpa/ibHofl ocm uM/iMHApa. 
ctm npM noMomM AaHHOro ycrpoMCTBa oh flnsi o5ecneMeHM5i nepexoAa naTpy6xa b co- 
4>MKCMpyeT05i b stom coctosihmm nocpeACTBOM cTOHHwe noTepM ycToftMMBOCTM c/iyxcMT <J>op- 
4>MKC3TopoB 7. coeAMHeHHux MexcAy co6om 30 Moa6pa3yioiuMM CTepxceHb 3, kotopum 
CTepxcHAMM 8. ripMBOA 5 npeACTae/ifleT M3 ce- ko h ue htpm py eT paAMa/ibHyio Harpyaxy na naT- 
6» 3y0M3TyK> nepeAa^y c oahom oeAyiMew 9 m py6ox, Tepn kjiumh y ctobm m bo CTb. . fla/ibHeft- 
AByMn BeAOMbiMM tuecTcpHJiMM 10. 11. BeAr ujafl npoTflxcKa naTpy6xa cenaaHa c 
ma* tuecrepH* 9 ycraHosneHa Ha buxoahom npoAOiuxaioiAMMCfl yBe/iMMGHweM paA^a/ibHOM 
aaiiy 12 RBwraienn 6; wa eany .13 BepxHeA 35 Harpy3KMM npMBOAMT k yBeiiMMeHMK) Bbinyic/io- 
BeAOMOM mecTepHM ycraHOB/ieH xpaRHMft aep- ctm o6oaomkm naTpy6xa, noTepsiaujeM ycrroft- 
xhmm poiiMK 4. a Ha Bany 14 HMXHeM aeAOMOM MMsocTb, b pe3yibTaTe nero pa3Mepbi 
uiecTCpHM xpdMHMM HMXCHMM po/1 MX 4. Po/imkm naTpy6xa 6yAyr cooTBeTCTBOBdTb TpancnoDT- 
4 (m BepxHMe, m hmxchmc) CBP33HHbie npuBOA- hum pa3MepaM Te/i. cnycxaeMux b cxeaxcMHy. 
hum peMHeM 15. Po/imkm 4, He csnaaHHue c 4 0 b mombht AOCTMxeHMfl naTpy6xoM TpaHcnop- 
Bd/iaMM 13 m 14. Buno/iHeHu ynpyroanacniM* * thux pa3Mepos oh npoTsirMBaeTcn k KOHuy 
humm mam noAnpyxMHeHu b pe3ynbT3Te nero onpaaxM 2 m na BuxOAe M3 nee cT»rMBaeTCfl 
ohm oTcnepicMBaiOT Ae<|>opMauMio naTpySxa. HecxoiibXMMM ^MKcaTopaMM 7 (cm. 4>mt. 4). ko- 
BoxoBue do/imkm 4 3axpenneHU b kohmmcckom Topue xcecnco coeAMHAkn MexAy co6om cTep- 
onpaaKe 2 c eosMoxcKOCTbio.&patueHMA. Ohm 45 nchamm 8. Tbkmm o6paaoM ocymecTB/ium 
ne noAnpyxMHenu m ycTa ho b/i eH u coocho k onepauMK><|>MXCMpoBaHMii naTpyGxa 1 bcocto- 
4>opMoo6pa3yiomeMy crepxcHK) 3. »hmm noTepn yctommmboctm. 

riocne 3toto npoM3BOAflT ycTanoBicy naT- 
Cnoco6 peMOHTa 3aiu)K>4aeTcn b c^eAyx)- py6xa b 30He nospexcAeHMii o6caAHOM ko/ioh- 
meM. 50 hu. 

BHana/ie ocytuecTB/inx>T noA6op naTpyG- A^nsTorocnoMombK)AepxcaTeiisi(HaMep- 
xa pacMeTHoro nepMMeTpa m ynpyrocTM. flaT- Texe He noxaaaH) naTpyfiox, 3a<t>nxcwpoBaH- 

pyOOK 1 8Un0/1HAK}T B BMAe TOHXOCTeHHOrO HUM B COCTORHMM nOTepM yCTOMMMBOCTH, 

KpyroBoro UM/iMHApa H3 MdTepMa^a o6^aAaK> cnycxaiOT b cxaaxcMHy m ycTaHaanviBaiOT Ha 

mero cbomctbom ynpyrocTM* npn^eM nepw- 55 ypoBHe ynacTKa noapexcAeHMA o6caAHOM ko- 

Merp' UH/iMHApa 6onbtue BHyTpeHHero /iohhu. CTflrMBawiuMe naTpyooK 1 4>wKcaT0pu 

nepMMeTpa peMOHTMpyeMOM o6c3ahom ko/ioh- 7 chmmbkit. nepeMemaa seepx coeAMHAK)tUMe 

hu, a AHMHa - 6onbiue MHTepaana noBpexcAC- mx CTepxcHM 8. sto npMBOAMT x chatmk) paAM- 

hmii o6c3ahom ko/iohhu. B KdHecTse a/ibHow Harpy3KM. Ae&CTByrameft na naTpy6oic. 

MaTepnana M3roToaneHMn naTpy6xa MoxceT Qoa abmctbmcm ycmtimm b o6o/iOMxe, noTepsB* 
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uje&ycTOMMviBOCTb. naipy6oK 1 B03apaiuaeTC* 
a ncxoAHoe paaHoaecnoe coctoahmc 

B CM/iy Toro. »rro mcxoahwm BHeu/HMft am- 
aMeTp naTpy6xa Hecxo/ibKO 6o/ibUJe BHyTpeH- 
Hero AwaMeTpa o6caAHOH ko/iohhw. HaTpy6oK 5 
n/ioTHO m paeHOMepHO npwxMMaeTCfl k o6caA* 
hoh KOnoMHe. nepexpwB ynaCTOK noepexAe- 

6u/im npoaeAeHu na6opaTOpHwe wcnwTa- 
hm« cnoco6a peMOHTa o6caAnwx ko/iohh h3 10 
MOAe/iu o6caAHOft ko/iohhw c ue/ibio npo- 
eepxMero pa6oTOcnoco6HO<mi. MoAe/ibo6- 
cbahoA ko/iohhw npeACTaB/iaeT co6o& 
TO/iCTOCTeHHyio Tpy6y c anyTpeHHHM AnaMeT- 

pOM 80 MM, nap3M6TpOM 251,2 MM M AJIMHOft 15 
500 MM* 

flaTpyfioK awno/meH w3 creicnon/iacTMica a 

BMA6 TOHKOCTeHHOrO KpyrOBOTO UM/lMHAPa. 

ToniUMHa ere h km KOToporo 0,3 mm. a nepwMeTp 

251,6 mm. 20 

B KdMecTBC npomrMBaioiuero ycTpowcTBa 
Mcnonb30Ba/iacb KOMMsecicaw onpaBxa co 

BXOAHbIM AMaMeTpOM 100 MM, BSIXOAHWM - 70 
MM. AAMHOft 600 MM C OAHMM <J>OpM006pa3yiO- 

iumm crepxcHeM BAO/ib BHyTpeHKeft noaepxHO- 25 
ctm onpaaxM. OpoTflxcxa ocymecTB/is/iacb 
Aaa/ieHweM H3 Topeu naTpy6Ka. Ha awxOAe M3 
npomrMBatomero ycrpoftCTBa naTpy6oK MMeii 
AHaMerp 70 mm, npwseM <J>opMOo6pa3yK>mnft 
crepxceHb yxe He Kaca/ic* BwaepHyiofi 060- 
homkm naTpy6Ka. m b t3kom nonoxeHww narpy- 30 
6ok 6w/i nocfleAoeaTenbHO CTHHyT A&yMfl 

4>MKCaTOpaMM, COeAMHeHHbIMM M6XCAY COGoft 

AayMA craiibHbiMM crepxHAMM. 

3aTBM naTpy6ox 6w/r cnymeH a MOAenb 
o6caAHOft ko/iohhw ao ypoBMP 30Hbt noepex- 35 
AeHMH o6caAHOw ko/iohhw c noMombio Aep*a- 
Te/?». nonepeMHbie pa3Mepw KOToporo ne 
npeBwu/a/iw 70 mm. 3aieM cmniBaioiuiie <|>mk- 
caTopw CABMra/iw k BepxHeMy topuy naTpy6xa 
3d cmgt ycwiua. nepeAaaaeMoro Mepe3 <rrepx- 40 

HM. 

B MOMeHT CHflTMs noc/ieAHero 4>nKcaTopa 
CB060AHUA naTpy6ox no/iHOCTbto BOCcraHo- 



BIM CBOK) *OpMy. npMXOBUIMCb x BHyrpeHHGM 

CTeHxe o6caAHOM ko/iohhw m nepeicpwa 30Hy 

n08pe)KAQHMfl. 

AHanorviHHWM o6pa30M 6w/m nposeAenw 
ncnwTaHMfi a yc/ioawflx no/iHoro 3ano/iHeHna 

MO 06caAKOM KO/IOHHW BOAOM. 

Zla6opaTopHwe ash h we noATBepAHJiw pa- 
6oTOcnoco6HOCTb AaHHoro cnoco6a peMOHTa 
o6caAHWx ko/iohh. riaTpy6oK no/iHOCTbio. 6e3 
noBpexcAeHww m cx/iaAOK aoccraHoeM/i cbow 
<t>opMy h iuiotho 06/ieran BHyTpeHHioio cieHxy 
o6caAHOM ko/iohhw, M30/inpya 3ony noapex- 

AeHMfl. 

OopMy/ia h a o 6 p e T.e h m « 
Cnoco6 peMOHTa o6caAHWx ko/iohh, 
BKflKwatoiUHM noA6op naTpy6xa pacseTHoro 
nepMMeTpa, nonepeHHyro Ae<t>opMaunio naT- 
py6xa no Bcefl Afl"He, cnycx ero b cKBaxwny m 
ycTaHOBxy a 3one noapexAeHMn. o t n m m a 10- 
m m .A c * TeM, mto, c qe/ibio noewuieHUJi 
34>4)eKTM0HOCTM peMOHTHWx pa5oT m 66ecne- 
MeHws paBHOMepnoro npuxaTMfl naTpy6xa no 
Bceft ero A^HHe k o6caAHOft xo/iOHHe npw oa~ 
HOBpeMeHHOM ynpomeHMM npouecca ycTa- 
h OB km naTpy6xa 3a cmot mc k/i iomchmsi 
Aono/iHMTeiibHoro BoaAewcTawn Ha nero, Ma- 
Tepnan naTpy6ica Bbi6vipafOT no MOAy^Kb ynpy- 
rocTW E, npwseM nocneAHMft onpeAenflioT 113 

COOTHOUJeHWJl 



E ^ 



1,4 P 



(h/R) 



rAe P - KOHTaxTHoe AaBiieHwe naTpy6xa Ha 

CT6HKM 06caAH0A KO/IOHHW.* 

To/iiUMHa deHKM naTpy6xa: 
R - paAwyc BHyTpeHHew noaepxHOCTW 06- 

CaAHOM KO/IOHHW, p .' ' 

a nonepenHyK) Ae<t>opMauwK) *njajpy6Ka no 
Bcevj A^MHe ocyiuecTBiiwiOT ao notepn yciow- 
mm boctm 1 aaTeM ero 4)MKCMpyK)T b 3TOM cocto- 
flHMit h nocne cnycxa b 3QHy fioapexAeHvisi 

4>MKCaTOpw GHMM3K5T. . ''.* v v 
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than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices. In this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 .4P/01/R) 1 1/5 , where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
A B 
A B 
Fig. 1 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A- A cross section 
in Fig. 1 ; Fig. 3 shows the B-B cross section in Fig. 1 ; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 1 1 . Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 1 5. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin-walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that thestresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251.2 mm, and length 

500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 251 .6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E >1.4P/(h/R) 11/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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